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Providing Solutions to Tomorrow’s Environmental Problems

EISA Section 438

• Energy Independence and Security Act

“Storm water runoff requirements for federal 

development projects. The sponsor of any

development or redevelopment project involving a

Federal facility with a footprint that exceeds 5,000

square feet shall use site planning, design,

construction, and maintenance strategies for the

property to maintain or restore, to the maximum

extent technically feasible, the predevelopment

hydrology of the property with regard to the

temperature, rate, volume, and duration of flow.”



Pre and Post-Development Hydrology (USDA)
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DOD EISA Flowchart
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EPA Technical Guidance

EPA 841-B-09-001 

December 2009 

www.epa.gov/owow/nps/lid/section438



Performance Design Objective

Option 1: Control 95th Percentile Rainfall Event  (Flow = Precipitation x Area) or

Runoff  = [(Precipitation * Impervious Area) + (Precipitation * Pervious Area)]/Total Area

1) Calculate or verify the precipitation amount from the 95 th percentile storm.

2) Employ onsite stormwater management controls to the maximum extent technically feasible 
(METF) that infiltrate, evapotranspire, or harvest and then use the appropriate design volume.

Option 2: Preserve predevelopment hydrology (rate, volume, duration & 
temperature)

1) Conduct hydrologic and hydraulic analyses. 

2) Quantify post-construction hydrographs for the 1, 2, 10, 25, 50 and 100 year 24 hour storm 
events. 

3) Maintain pre-development hydrographs for these storm events.
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EISA Compliance Methodology
• Design objective is to maintain the pre-development hydrology

– Pre-development conditions (temperature, rate, volume, and duration)

– Design volume

• Use modeling or other recognized tools to establish objective

– TR-55 curve number method is easy to apply and understand – a 
number of modeling systems employ this method.

• Evaluate design options (Low Impact Development/Projects) to meet 
objective to the maximum extent technically feasible (METF).

• Accountability
– Site evaluation and soil analysis

– Calculations for the 95th percentile rainfall event of the predevelopment runoff volumes

– The site design and stormwater management practices (LID) employed on the site

– Design calculations for each stormwater management practice

– The respective volume of stormwater managed by each practice

– Waiver, if applicable

• Complete a post construction analysis of features

Providing Solutions to Tomorrow’s Environmental Problems



Developing the 95th Percentile Storm (NAVFAC) 

1. Obtain 24-hr precipitation data set (NCDC)

– http://www.ncdc.noaa.gov/oa/ncdc.html

2. Import into spreadsheet and aggregate into a single column

– Eliminate storms with rainfall less than 0.1”

3. Calculate using PERCENTILE function or graphically



Example 95th Percentile Storms

City 95th Percentile Event

Rainfall Total (in)

City 95th Percentile Event

Rainfall Total (in)

Atlanta, GA 1.8 Kansas City, MO 1.7

Baltimore, MD 1.6 Knoxville, TN 1.5

Boston, MA 1.5 Louisville, KY 1.5

Buffalo, NY 1.1 Minneapolis, MN 1.4

Burlington, VT 1.1 New York, NY 1.7

Charleston, WV 1.2 Salt Lake City, UT 0.8

Coeur D’Alene, ID 0.7 Phoenix, AZ 1.0

Cincinnati, OH 1.5 Portland, OR 1.0

Columbus, OH 1.3 Seattle, WA 1.6

Concord, NH 1.3 Washington, DC 1.7

Denver, CO 1.1
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Low Impact Development Strategies
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• Bioretention

• Soil Amendments

• Filter Strips

• Vegetated Buffers

• Grassed Swales

• Dry Wells

• Infiltration Basins/Trenches

• Inlet Pollution Removal Devices

• Rainwater Harvesting (Rain Barrels and Cisterns)

• Tree Box Filters

• Vegetated Roofs

• Permeable Pavers 



Potential Methods for Analyzing 

Control Measures

Model Considerations Rational 

Method

TR-55 SWMM Direct 

Determination

HSPF QUALHYMO

Temporal

Scale

Single Event Yes Yes Yes Yes Yes Yes

Continuous
Simulation

No No Yes Possible Yes Yes

Spatial

Scale

Lot-level Yes Yes Yes Yes No No

Neighborhood Yes Yes Yes Yes Possible Possible

Regional Yes Yes Yes No Yes Yes

Outputs

Peak Discharge Yes Yes Yes No Yes Yes

Runoff Volume Yes Yes Yes Yes Yes Yes

Hydrograph Yes Yes Yes No Yes Yes

Water Quality No No Yes Possible Yes Yes
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Comparison of Approaches

Method Strengths Weaknesses

Direct 

Determination

• Methodology (Manning’s Eq.) for 
runoff determination is same as SWMM

• Models basic hydrologic processes 
directly (explicit)

• Simple spreadsheet can be used

• Direct application of Horton’s method may estimate 
higher infiltration loss, especially at the beginning of a 

storm

• Does not consider flow routing

Rational Method • Method is widely used

• Simple to use and understand

• Cannot directly model storage-oriented onsite 
control measures

TR-55 • Method is widely used

• Simple to use and understand

• May not be appropriate for estimating runoff from 
small storm events because depression storage is 

not well accounted for

SWMM • Method is widely used

• Can provide complete hydrologic and 

water quality process dynamics in 
stormwater analysis

• Needs a number of site-specific modeling
parameters

• Generally requires more extensive experience and 
modeling skills

Providing Solutions to Tomorrow’s Environmental Problems



Comparison of Approaches 

Providing Solutions to Tomorrow’s Environmental Problems

Models 

Attribute HSPF SWMM TR-55/ TR-20 HEC-HMS Rational Method 

Sponsoring agency U.S. EPA U.S. EPA NRCS USACE N/A 

Simulation type Continuous Continuous Single Event Continuous Single Event 

Water Quality analysis Yes Yes None Under Dev. None 

Rainfall/Runoff analysis Yes Yes Yes Yes Yes 

Sewer system flow routing None Yes Yes Yes None 

Dynamic f low routing equations None Yes Yes None None 

Regulators, overflow structures None Yes None None None 

Storage analysis Yes Yes Yes Yes Possible* 

Treatment analysis Yes Yes None None None 

Data and personnel requirements High High Medium Medium Low 

Overall model complexity High High Low High Low 

* =I f one assumes a triangular runoff distribution then the Rational Method can be used to compute storage. 



Fort McPherson, Atlanta, GA
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LID Runoff Curve Number

• TR-55 model

• LID implementation alters the on site infiltration 

capacity

• Factors to consider

– Land Cover Type

– Percent of Imperviousness

– Hydrologic Soils Group

– Hydrologic Condition

– Disconnectivity of Impervious Area

– Storage and Infiltration

Providing Solutions to Tomorrow’s Environmental Problems
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' ' Limit use of sidewalks 

' ' 
Reduce road length and 
width 

' ' 
Reduce driveway length 
and width 

' ' ' 
Conserve natural resources 

I and areas 
! 

I 

' ' Minimize disturbance 

" " Preserve infiltratable soils 

" 
Preserve natural depression 
areas 

' ' Use transition zones 

' Use vegetated swa les 

I ! 

' I :" Preserve vegetation 
! 



LID Techniques to Maintain Onsite Hydrology
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Source: Prince George’s County, MD, 1999



TR 55 Curve Numbers
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----------------- Co•er d~uon - --------------
Cunre numbeo:rs Joe 

----hydro lo~ IW>U ~up -------

Fully developed urb.M arM~ (v~gNtJJI()(J ~tilbliSbHJ} 

Open space (laWTIS, p3rb. golf courses, cemeur~s, etc.)lt': 

AvOTalle pucen< 
Wll~I'VIO<Jil area ~ 

Poor ~<Jt>dllloa ~cover < WJ(,) .................................... , 
Palr condiiiiOD (S"a9S C0\'<'1 tl0i6to 75!6) ... --·---- ............... . 
G-ood condition Cer<¥.fl ccwer > ~ ................................ .. 

Impervious.,...,..., 
Paved parking locs, roots, drlvew~'S. •~-

(~xcludill2~l-wa;y) ........... ................................... .. 
Stteets and roads: 

i'a'l•d: ctll'bs and !!lOOll s->wtrs ( ""'cll.>dlr\i: 
rid>L-ol-wa;v) .... .......................................................... .. 
Paved; open d~che<o (lnclllding rlght-ol-w'\'f) ......................... . 
Gravel (lnocludm~ r~-of.,~·) ... ....................................... .. 
Dlrt. (lnocludJng r~-oi-W!l)•) ...... ........................................... . 

We:<Un1 desert lJ[00tl <o<tas: 
l'..wrnl desert I:Jnds.:aplng (penlous "'"""onlY) Jl .................. .. 
Arl.l!lclal <l~ ~'lll~'li ( IJllpti'VI<Mtl wHd b.mler, 

desert fbnA> wilh 1- to 2-lnch SBild or ll(avel mulcll 
3nd b3'11n l>orders) ..... ................................ ...... ............ ............ . 

Urban dislrlets: 
CCKOmerdal and b!JS~ne95 ........................................................... 85 
b>dustrL'll . ...... ................ ........................................ .................. 'l'l 

R<>Sldentnl disUlcts by a,·erage Jot sllze: 
IJS aa-e Ill' Je;;,s (town~)....................... .. ............................. 65 
114 acn ............. .... ..... .... ............................................... 3S 
lt.l3Cle ............ ............ ........................................................................ 90 
1/J llft'e ........... ... ..... .. ... ....... .............................................. 25 
I acre .................... ....... ............................ ............. ........... 20 
2 ..... .,.. ........................... ...... .................................. ...... ...... ................... 12 

De·--~loplng uroan a.rt:8$ 

Newly graded,_.,.. 
Olet"VIc>tlS (ll't.'IS only, no veeec:Jllofl) cv 

Idle 13nd3 ( CN's 31'1> d>tetmlned IIS'lng CO\'et' cy'J'<>S 
5imilar t.o tbooe in table 2-:k). 

I A~NHO!r <Oildiliol\.at>(i l, •02S 

A B c 0 

6S 'Ill 86 69 
<19 Oil 'Ill M 
~ 61 74 ~ 

9$ 9$ OS 9S 

9$ 9$ us 9$ 
as 89 92 1lS 
76 85 811 Ill 
72 6:2 87 69 

as 77 85 8S 

96 96 Q6 96 

69 92 9<l 115 
81 8S 91 9.3 

77 8!; 90 92 
61 76 83 61 
57 72 81 88 
64 10 80 Sb 
51 GS 'Ill M 
46 60 77 &.?. 

17 OJ 

2 The""""'D'I'<"""" '~"'"'.,.. •'--n ,..,..IJ'()d 10 do\-.,lop ""'"'"'"""'"'eN's. ()lht-r ,.....,....uo""""' '" folloY.-., t,._,;.,u. .,_..., 
dlrEocll)/«>J-1 101Jl9~0)-....o\ln'•t-1o'"'- ra''"" CN ot96, tll\<lJP€C'\'Iouo --<01..-.-.lequlvbloemi0-1"1,..,..111 
good hycrolo£Jc: o:onciUoa. CN's ft>rolhorm nlbinallomoreordillom rmybe"""l'IJI<d wtng~Uior2-4. 

• <:N's l!t1oWJ.IM>ClQIIIVllloo.l to lllo<!eor_._ <:orr()OOIJ<~ eN's tt'tii'IKICOITII<IIed rlli'O<I1<!rcoo'bl113.110mor.,.,..._ 
co-.u-l)Jl't'

'~ONl!fOf'"""""""""""~nt•t-.oul<l iXl"""l'UIOd..,;nttljp.ft.o 2-8 or 2-4"""""ontho1n1f,~ll...,.~ 
(CN = N)anclllle ~-CN. lllei)En10<"- CN1oore Jl'JIIUil1ildeQIAVJil6liiO,_ eliiUb lr\pooriQ'(IrOIOglc eoftiUOn. 

• (:onvo.dlf'! C)!~ to 1r'.e: lbrthe dr.:dgn or~ n"'IM_qii'\'!S durlf\& tpdiftgand com&ru:lion shoukt becon..,_lted triln« fl:a-tre 2...a or1.4 
-on 1119 .,._or-o~.,...,.. CJ01J«"'.._........._ pen.-) ...:1 Woo CN'e R>t IJlooowty ,_ )lEIVIouo-. 



Hydrologic Soil Groups

Group B - Soils in this group have 

moderately low runoff potential when 

thoroughly wet. Water transmission through 

the soil is unimpeded. Group B soils typically 

have between 10 percent and 20 percent 

clay and 50 percent to 90 percent sand and 

have loamy sand or sandy loam textures. 

Some soils having loam, silt loam, silt, or 

sandy clay loam textures may be placed in 

this group if they are well aggregated, of low 

bulk density, or contain greater than 35 

percent rock fragments.

Providing Solutions to Tomorrow’s Environmental Problems

Group C - Soils in this group have 

moderately high runoff potential 

when thoroughly wet. Water 

transmission through the soil is 

somewhat restricted. Group C

soils typically have between 20 

percent and 40 percent clay and less 

than 50 percent sand and have loam, 

silt loam, sandy clay loam, clay loam, 

and silty clay loam textures. Some 

soils having clay, silty clay, or sandy

clay textures may be placed in this 

group if they are well aggregated, of 

low bulk density, or contain greater

than 35 percent rock fragments.



Fort McPherson, Atlanta, GA
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~ Bio-retention 



Fort McPherson Example
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A 21-acre site with 70% impervious area was selected in Atlanta, Georgia. 

If the 95th percentile rainfall event (1.77 inches) occurred on the existing site (i.e., 

with no control measures), 1.17 inches of runoff would be generated and require 

management. 

The runoff from the 95th percentile rainfall event could not be adequately retained 

solely with bioretention systems. 

Based on the technical considerations of constructing and maintaining control 

measures at the site, it was assumed that up to 15% of the pervious area could be 

converted into bioretention cells and up to 40% of paved area could be converted 

into a paver block system. 

If the stormwater management techniques used on the site includes both 

bioretention and paver blocks, then all runoff for the 95th percentile rainfall event 

would be controlled.



Example – Fort McPherson
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*The size of porous pavement was increased because the bioretention already reached 

its maximum size based on the site-specific design assumptions. 

**Because TR-55 estimated smaller runoff in this scenario, bioretention can retain all of 

the 95th percentile runoff if the site has soil group B. 



Summary

• Implementation of Section 438 of the EISA can 

be achieved by incorporation of GI/LID

• EPA 841-B-09-001 provides technical guidance 

on implementing the stormwater runoff 

requirements

• Several models are available to support 

stormwater modeling analysis efforts

• Defensible and consistent hydrologic 

assessment tools should be used and 

documented

Providing Solutions to Tomorrow’s Environmental Problems



Questions
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